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Abstract 
Spain has one of the highest energy consumption rates per GDP in the European Union, and the construction industry 
is one of its main energy demands. The new Technical Building Code, partially transposed from the European 
Directive on Energy Performance of Buildings, has changed construction methods in an attempt at improving energy 
efficiency in buildings. The purpose of this study is to analyze the effects of changes in construction methods in 
Almeria (Spanish Climate Zone A4) in three different periods (1988-1994, 1995-2006 and 2007 to date). One of the 
main results was that it was observed that changes in the construction methods decreased primary energy 
consumption and overall CO2 emissions by about 50%, which is in agreement with the current European energy 
policy, which intends to improve energy efficiency by 20% by 2020. 
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1. Introduction 
Balance in sustainable development, competiveness, and secure supply are the current European 
energy policy goals [1]. Energy efficiency, renewable energies and directives and documents directed at 
the energy sector have been encouraged as a means of reaching them. [2]. The European Council recently 
approved what have become known as the 20/20/20 targets [3], which form the basis of the EU-27 
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strategic energy policy goals. Among them is an increase in energy efficiency to a goal of 20% savings in 
EU energy consumption. Promotion of energy efficiency is possibly the only energy policy that 
contributes to all of the basic EU energy goals, because it has a direct relationship with the reduction of 
GHG emissions and the mitigation of climate change, management of energy security, lowering the cost 
of consumer energy services and improvement of economic competitiveness [4,5]. The critical areas 
which currently have the highest potential for energy savings are: Energy performance requirements for 
products, buildings and services, energy transformation, transport, financing and pricing, energy behavior 
and international partnerships [6].  
Considering that the greatest energy saving potential lies in buildings, and nearly 40% of final energy 
consumption is in houses, offices, stores and other buildings [9], the European Commission published a 
Directive on Energy Performance of Buildings (EPBD) (2002/91/ EC) [10] amended by 2010/31/UE [11], 
which came into force in 2010 and is being implemented in the legislation of Member States in different 
ways. 
Spain is one of the countries with the highest energy consumption rates by GDP in Europe. In recent 
decades, there has been an opposite trend in Spanish energy intensity with regard to other EU-15 
countries, increasing by 10% from 1990 to 2006 [7]. In 2006, a downward trend began which continues to 
date, but there is no indication of any substantial improvement in efficiency [8]. 
A series of improvements have been made in the relevant Spanish legislation. Among them, 
transposition of the EPBD Directive 2002/91/CE, approval of the Technical Building Code (CTE) [12], 
the Royal Decree on the Basic Procedure for Energy Performance Certification of New Buildings (RD 
47/2007), approved by the Council of Ministers on January 17, 2007, and the revision of the Regulations 
on Heating Installations in Building (RITE). An energy certification procedure for existing buildings is 
under study, however, there has been a considerable delay in the 2010 revision of the EPBD. The main 
European regulations are Directive 2002/91/CE, Directive 2010/31/UE, Regulation 244/2012 and Draft 
Directive 2012, and the Spanish regulations are RD 314/2006, RD 47/2007, RD 1027/2007 and Draft 
RD2012. 
All the above legislation is important for improving energy efficiency in the building sector. Even 
more so because in Spain construction activities have a higher share of the GDP (9.4%) than in other EU-
15 Member states (5.2%) [7]. This share is the result of the strong investment in infrastructure, housing 
and summer residences during the Spanish housing boom, which pushed the energy demand in other 
sectors in detriment to the tertiary sector [7,13]. 
New building (residential, public, commercial, etc.) certification for a building permit from Local 
Authorities has been compulsory since October 31, 2007. Legislation on certification of existing buildings 
is still in the process of administrative approval, and another relevant Royal Decree is being drafted. But 
it is not as yet mandatory for selling or renting, although a compulsory basic procedure for certification of 
existing buildings is expected to be ready in June, 2013. The method currently in use for calculating 
energy performance is RD 47/2007, called the “National Basic Procedure”, provides two possible 
methods, simplified and complete, for energy certification. 
This certification procedure is applicable to housing (whether single family or apartment buildings) or 
tertiary located in the 12 climate zones in which the Spanish geography is divided as per Table D.1 in the 
CTE DB HE 1. The climate zone of any given locality the buildings are located in is found based on the 
difference in altitude between the locality and the reference altitude of the provincial capital. If the 
difference in altitude is less than 200 m or the locality is lower than the reference, the climate zone for 
that locality is the same as the provincial capital.  
For localities with climates showing strong contrasts, the climate zone is calculated from its summer 
and winter extremes. The Climate Extreme is the quotient of the energy demand of a building in a locality 
and the demand there would be for that same building in Madrid (where the climate extreme is one for 
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both summer and winter). The climate extreme combines daytime-degrees and solar radiation in the 
locality, so it can be demonstrated that when two localities have the same climate extreme in winter 
(WCE), the energy demand for heating in a given building located in both localities is practically the 
same. This also holds true for summer climate extremes (SCE). For winter (heating), five (A-E) and for 
summer (cooling), four (1-4) divisions have been defined. Their combination results in 20 different 
climate zones of which only 12 fit the environmental conditions in the Spanish geography.  
The city of Almeria in the province of the same name is classified as A4. The “4” means that the 
climate is severe in summer and the “A” that it has mild winters. The climate in Almeria is dry 
Mediterranean, and is characterized by scarcity of rain, mild winters with no freezing and summers with 
high temperatures and humidity. The mean annual temperature is 19ºC and the total precipitation if 145 
mm. 
Depending on the climate zone, there are wide differences in the construction solutions in buildings. 
Furthermore, the historical evolution of materials and systems resulting from changes in legislation 
intended to improve the quality of life of their occupants and lower energy losses, should be considered. 
That is, saving money during the useful life of the building by making the original investment necessary 
during construction higher. 
One goal of this article is to find out the influence and development of construction methods in a 
residential project located in Spanish Climate Zone A4. For this purpose, both the real energy demand of 
an existing residential project built in 2001, and the energy demand of the same residential project with 
the construction methods from 1990 and 2012, maintaining areas, orientations and shading the same, have 
been calculated. The article is organized in the following manner: Section 2 provides an introduction 
analyzing the evolution of construction methods in the zone under study. Section 3 describes the methods, 
qualities and systems used in the study. Section 4 presents the results and discusses the effects observed 
from the changes in construction methods in Spanish Climate Zone A4. Finally, Section 5 gives the main 
conclusions of the study. 
 
Nomenclature 
 
CTE DB HE Código Técnico de la Edificación (Technical Building Code), Documento Básico de 
Ahorro de Energía (Basic Document on Energy Savings) 
CTE Código Técnico de la Edificación (Technical Building Code) 
DHW Domestic hot water 
EPBD Directive on Energy Performance of Buildings 
EPS Expanded polystyrene 
EU European Union 
EU-27 European Union 27, it is composed by: Austria, Belgium, Bulgaria, Cyprus, the Czech Republic, 
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, 
Luxembourg, Malta, the Netherlands, Poland, Portugal, Romania Slovakia, Slovenia, Spain, Sweden, and 
the United Kingdom. 
GDP Gross domestic product 
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GHG Greenhouse gases 
HVAC Heating, ventilation, and air conditioning 
IDAE Institute for Energy Diversification and Savings 
IEEG Global Energy Indicator 
PVC Polyvinyl chloride 
RD Royal decree 
RITE Regulations on Heating Installations in Building 
SCE Summer climate extremes 
WCE Winter climate extremes 
2. Evolution of constructive methods 
The construction industry, unlike other industries, has developed linearly, that is, it has continued 
building more or less using the same construction systems as 25 years ago, and any changes have been 
caused by legislation becoming stricter.  The most changes were made by the Technical Building Code 
(RD 314/2006 of March 17th), and specifically, the Basic Document on Energy Savings (CTE DB HE). 
To find out the development of construction systems in Climate Zone A4, the construction reports of 
500 buildings in different years and qualities acquired from real estate appraisals were studied and 
checked by sector professionals (Architects and architecture technicians).  
In the last 25 years, two significant changes have been made in construction elements for medium-to-
low quality buildings in Zone A4, which may be divided into three periods from 1988 to 1994, from 1995 
to 2006 and from 2007 to date (after the CTE). The main characteristics that determine each of these 
periods are given in Table 1. 
To summarize, the CTE DB HE 1 requires buildings to have an envelope that adequately limits the 
energy demand of building use in summer and winter. And depending on its insulation and thermal 
inertia, permeability to air and exposure to solar radiation, it must also limit risk of appearance of 
interstitial moisture and surface condensation that could endanger its specifications. Furthermore, it 
requires thermal bridges that could limit heat losses or gains to be dealt with adequately and avoid 
hygrothermal problems. 
In Zone A4, the limitations of the maximal thermal transfer coefficient of enclosures and inner walls in 
the thermal envelope U (in W/m2K) is around 0.94 for outer walls with in contact with the ground, 0.53 
for floors, 0.50 for roofing, from 5.7 to 3.4 for glass and frames depending on the orientation and 
percentage of openings, and from 1.22 for walls between buildings. These limitations have made it 
necessary to change how buildings are built, beginning to introduce insulation and increase thicknesses, 
as shown in Table 1. 
Table 1. Characteristics of construction systems in Zone A4. 
 1988 - 1994 1995 - 2006 2007 – to date 
Outer 
windows and 
doors 
- Aluminum with 
uninterrupted thermal 
bridge, such as sliding 
- Aluminum with uninterrupted 
thermal bridge, such as sliding 
or pivot 
- Double glazing: 4 mm inner 
- Aluminum with 4 to 12 mm interrupted 
thermal bridge or PVC 
- Vertical double chamber and glazing (similar 
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- Single 6 mm glass pane. pane, 6 mm air chamber and 
4 mm outer pane. 
to previous period).  
Outer walls - 10 mm cement mortar, 
120 mm hollow brick. 
50 mm air chamber, no 
insulation. 40 mm single 
hollow brick backing with 
finished with 10 mm layer 
of plaster. 
- Similar to the previous period 
but with 30 to 50 mm air 
chamber with 30 mm 
polyurethane foam, glass wool 
or polystyrene insulation 
- 15 mm cement mortar, 115 mm hollow brick, 
16 mm expanded polystyrene EPS 
(U=0.029W/m²K). Vertical 50 mm air chamber. 
40 mm single hollow brick backing finished 
with 5 mm layer of plaster (U=0.92W/m²K.). 
Slabs - Unidireccionales, con 
viguetas y bovedillas de 
hormigón de 200 mm, 
terminados en capa de 
compresión de 50 mm. 
- Similar to previous period. - For areas with unheated space. One-way, with 
ceramic beam spacing and 250 mm edge, 
insulation by 40 mm expanded polystyrene EPS 
panel (U=0.029W/m²K), 20 mm cement mortar 
and finished in ceramic tile (U=0.53W/m²K).  
Roofing - 200 mm one-way slab 
with 50 mm compressed 
concrete layer on which 
the slope is formed with 
light concrete and ceramic 
tile.  
- Similar to previous period. - One-way slab with ceramic beam spacing and 
250 mm edge, forming slope with light 
concrete,70 mm minimum thickness, insulation 
by 45 mm expanded polystyrene EPS panel 
(U=0.029W/m²K), 15 mm cement mortar and 
finished in ceramic tile (U=0.50W/m²K). 
Domestic hot 
water (DHW) 
  - Solar contribution at least 70%. 
3. Methodology 
This study was done in a housing development built in 2001. It is located in the municipal limits of 
Almeria (36º51' 25"N, 2° 26' 44"W) on a 10 718 m2 lot. The residential project consists of eleven 
buildings with different specifications in a wide range of specific cases, orientations and areas. Fig. 1 
shows the location of the residential project and a type diagram of its blocks.  
Five of the 11 buildings in the development were chosen for the study (Table 2), and of these, the 
effect of changes in construction methods in apartments located on the following floors were analyzed: 
main floor (in contact with an unheated space), fifth floor (between apartments), sixth floor (similar to the 
fifth floor, but with a percentage of its ceiling in contact with the penthouse terrace) and the seventh floor 
(penthouse). In Building 5, only the 1st, 5th and 6th floors were used because part of the seventh floor 
belongs to the penthouse terrace in the adjacent building. 
Table 2. Characteristics of selected buildings. 
Nº 
Bldg. 
Main street Main orientation  Secondary 
orientation 
Floors selected Average 
area (m²) 
Average area of 
façade (m²) 
1 Costa de la Luz South South – west 1st, 5th, 6th, 7th. 78 60 
2 Costa de la Luz North – east South - east 1st, 5th, 6th, 7th. 80 61 
5 Calle Bolivia North North-east 1st, 5th, 6th 78 60 
6 Calle Bolivia North – east South - west 1st, 5th, 6th, 7th. 111 60 
9 Calle Bosnia North – east South - west 1st, 5th, 6th, 7th. 111 60 
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The following data were acquired from the technical inspection for energy certification of the
apartments: useful area of apartment, area and orientation of façade, heating and DHW, determinant 
shading, and determinant thermal bridges.
Fig. 1. Location and type diagram of the residential project selected.
From these data the Global Energy Indicator was calculated (IEEG) following the methodology
stipulated in the DB-HE1 of the CTE. The data necessary for its calculation are annual CO2 emissions,
expressed in kg m-2 of useful area of the building and the annual primary energy, expressed in kWh m-2 of 
the useful area of the building.  Complementary energy indicators also calculated were: CO2 emissions,
primary energy consumption, and the apartment energy demand for the main building services. These
indicators were found by year and for the useful area (m2) of the building for its main services, heating,
cooling and DHW.
The calculations were done using computer programs developed by the Institute for Energy
Diversification and Savings (IDAE), which were acquired by application to the Spanish Ministry of 
Industry. The LIDER+CALENER programs calculate energy efficiency by the general method for new
buildings.  They find the energy efficiency and rate it from A to E. Although the legislation requires the
rate to be from A to G, the number of rates is reduced for new buildings.
The Ce3 program was developed to rate the energy efficiency of existing buildings from A to G. This
program applies the simplified energy efficiency certification method by creating a reference building for 
the same climate zone that has the same dimensions, façade orientation and glass/wall ratio, period, use,
HVAC and DHW systems. The original construction components can be changed to reference
components, which can then be compared to the original ones to determine their IEEG and rate the energy 
efficiency of the changed components.
The advantages of using a simplified method are shortening the time needed to enter the factors, and 
therefore increasing the speed with which the program provides the results, and unlike the general
method, this method concentrates on existing buildings, and so rates them from A to G. The
disadvantages are: it is not as precise because its calculations tend to play it safe. In the official
comparisons of Ce3 precision for apartment buildings in Climate Zone A4, it was observed that 0.14% of 
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the times it improves the rate by one letter, 70.45% it coincides with the letter, 29.38% it lowers the rate 
by one letter, and 0.02% it improves the rate two letters.  
The following is necessary to be able to use the simplified method: 
 The area of openings in each façade must be less than 60% of its area, except if the area of the façade 
is less than 10% of the total area of the building’s façades. 
 The area of skylights must be less than 5% of the total area of the roof.  
 The building walls must be built using unconventional construction solutions 
When the indicators for the existing housing development (1995-2006) had been calculated, 
construction qualities and heating, cooling and DHW systems were changed depending on their 
construction components as shown in Table 1. Table 3 shows the systems and thermal transmittance 
coefficients for those construction components. 
Table 3. Systems and thermal transmittance coefficients of construction components. 
 1988 - 1994 1995 - 2006 2007 – to date 
Outer windows and doors U= 5.70 [W/m²•K], Solar 
factor=0,86 
U= 3.54 [W/m²•K] S.F.=0,69 U= 2,92 [W/m²•K], S.F.=0,69 
Outer walls U= 1.80 [W/m²•K] U= 1.03 [W/m²•K] U=0.92W/m²K. 
Slabs U= 2.47 [W/m²•K] U= 2.06 [W/m²•K] U=0.53W/m²K 
Roofing U= 1.40 [W/m²•K] U= 1.34 [W/m²•K] U=0.50W/m²K 
DHW (Thermal accumulator) 80 l, 1.2kW, Perforance=97% 80 l, 1,6kW, Perforance=98% 80 l, 1,6kW, Perforance=98% 
Minimum solar contributions 0%. 0%. 70%. 
 
Finally, the data for the energy indicators calculated were analyzed statistically to find out the 
influence of the changes in construction methods in Spanish Climate Zone A4. This influence was found 
by calculating the correlation between the energy indicators and the areas where there could be losses or 
gains: total façade, floors in uninhabited premises and roofs. 
4. Results and Discussion 
Energy certification of the 19 apartments in a housing development built in 2001 rated nine of them E, 
eight F, and the last two G. By floor, all of the fifth floor apartments (between heated floors) were rated 
E, the penthouses (seventh floor) and roofed floors were rated E and F (except for one roofed apartment 
rated G) and the floors with unheated floor space were rated F (except for one apartment rated G).   
Compared to 1991 construction methods, the rating of two of the penthouses would have been lowered 
to G, the rating of roofed floors and between heated floors would have remained the same, and the rating 
of the two floors with the unheated floor space would have gone down to G. 
In housing built after 2007 (according to the CTE) certifications rated D predominate, except for two 
penthouses, the five roofed apartments and one apartment with unheated floor space, which would be 
rated E. The CTE stipulates that all housing built after it became effective must have a rating of D, and a 
rating of E in some of them is a result of the Ce3 program rating system, which stays on the safe side 
(tending to rate lower when values are near their limits). Therefore, when the legislative transmission 
coefficients are used, it internally calculates an IEEG which is on the limit of a rating of E, but very near 
D.  
The descriptive analysis of the energy indicators calculated confirm that energy demands for heating 
were lowered by about half from 1990 to 2012 (Table 4). This phenomenon was also observed in total 
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CO2 emissions and in total primary energy consumption. A significant reduction is also observed in CO2 
emissions by DHW due to the introduction of solar panels to cover 70% of the demand as stipulated by 
the CTE). 
Table 4. Statistical data for the energy indicators calculated. 
1990 2001 2012 
Min Max Avg. S.D. Min Max Avg. S.D. Min Max Avg. S.D. 
Heating demand (kWh m-2) 21.3 86.6 52.5 16.4 12.2 68.5 40.8 14.6 10.2 44.6 29.2 9.3 
Cooling demand  (kWh m-2) 13.4 31.4 23.0 4.9 12.5 28.2 20.6 4.4 12.5 27.6 19.3 4.0 
CO2 emissions- Heating (kgCO2 m-2) 7.1 29.0 17.6 5.5 4.5 25.0 14.9 5.3 2.6 11.5 7.5 2.4 
CO2 emissions – Cooling (kg CO2 m-2) 4.4 10.4 7.6 1.6 5.6 12.7 9.3 1.9 5.3 11.6 8.1 1.7 
CO2 emissions – ACS (kgC CO2 m-2) 8.2 8.2 8.2 0.0 8.1 8.2 8.1 0.0 0.8 0.8 0.8 0.0 
CO2 emissions-  Total 
kg CO2 m-2 23.5 42.6 33.4 5.7 22.8 39.9 32.3 5.7 12.0 19.7 16.5 2.5 
IEEG 2.0 3.7 2.9 0.5 2.0 3.5 2.8 0.5 1.0 1.7 1.4 0.2 
Primary energy  
Consumption (kg CO2 m-2) 
Heat. 35.3 143.7 87.2 27.2 17.9 100.4 59.8 21.4 10.6 46.4 30.3 9.7 
Cool. 17.8 41.7 30.5 6.5 22.6 51.1 37.2 7.8 21.2 46.7 32.6 6.8 
DHW 33.1 33.1 33.1 0.0 32.5 32.8 32.8 0.1 3.3 3.3 3.3 0.0 
Total Primary energy consumption  
(kWh m-2) 
101.2 198.4 150.8 27.8 
 
91.6 160.5 129.8 22.9 
 
48.4 79.2 66.2 10.0 
 
In 1990, heating to maintain ambient quality in interiors and DHW were the main sources of 
consumption of primary energy. These needs have been lowered by the improvements in energy 
efficiency of construction methods. In 2012, energy consumption for heating was a third of what was 
required in 1990, and a tenth of the energy for DHW. The most significant change in construction 
methods that led to this reduction is the introduction of a minimum percentage of Solar Thermal DHW. 
It should be mentioned that the computer programs used to calculate the energy efficiency forecast 
heating requirements of equipment not generally in use in the study zone (Climate Zone A4), either 
because the buildings do not have them or because they are not customarily used. For an acceptable 
thermal sensation in the home, people usually wear heavier clothing and use a small heater somewhere in 
the home, such as the bathroom or underneath a table in the living room, and not central heating. The 
legislation does not foresee this situation since it generalizes the heating and/cooling habits when the 
calculations are made.  
On the other hand, primary energy consumption for cooling has remained constant in overall terms 
from 1990-2012, since most energy needs in the penthouses are compensated by lower requirements on 
the lower floors. 
By floor and year, all the floors were observed to have significantly lowered CO2 emissions from 
DHW and heating. This reduction is due to the introduction of improvements in insulation. On the 
contrary, CO2 emissions from cooling have remained the same on all floors except for the penthouse, 
where they have gone down slightly.  
Table 5 shows the correlations for the main factors measuring efficiency by year with the surfaces of 
floors in contact with unheated space. The total surfaces of façades are omitted because they are similar 
throughout the housing development. It was observed for 1990-2001 construction methods, that there is a 
very significant correlation between the demand, the CO2 emissions and primary energy consumption for 
heating with unheated floor space, which is not reflected with the 2012 construction methods. These 
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correlations show that up to the start of the CTE, minimal insulation in buildings with unheated spaces 
was ignored, causing the temperatures on the lower floors to be lower than the rest of the floors, 
increasing the heating requirements with the resulting increase in energy consumption (lower energy 
efficiency) and expense for the owners. 
Table 5. Correlations between energy indicators. 
 1990  2001  2012 
 Floor area with  
unheated space  
Roof 
area 
 Floor area with  
unheated space  
Roof 
area 
 Floor area with  
unheated space  
Roof 
area 
Heating demand 0.634** 0.159  0.607** 0.226  0.084 0.506* 
Cooling demand -0.303 0.502*  -0.202 0.383  -0.044 0.077 
CO2 emissions- Heating 0.634** 0.160  0.607** 0.226  0.085 0.506* 
CO2 emissions – 
Cooling -0.303 0.503*  -0.197 0.364  -0.043 0.076 
CO2 emissions-  Total 0.527* 0.296  0.501* 0.335  0.052 0.541* 
IEEG 0.529* 0.296  0.507* 0.329  0.048 0.552* 
Primary energy 
consumption - Heating 0.634** 0.159  0.607** 0.226  0.084 0.506* 
Primary energy 
Consumption - Cooling -0.303 0.502*  -0.197 0.365  -0.044 0.077 
Total Primary energy 
consumption 0.550* 0.273  0.501* 0.335  0.052 0.541* 
** Correlation significant at 0.01 (bilateral). 
* Correlation significant at 0.05 (bilateral). 
 
Based on 2012 construction methods, the roofed area is the most determinant component in the 
correlation between demand and CO2 emissions from heating (increase in heating requirements).  
The change in trend from 1990 to 2001 in both demand and CO2 emissions from cooling is also 
striking. In 1990, there was a significant correlation with roofing, which no longer is in 2001 due to a 
small improvement in how roofs are built.  
5. Conclusions 
In the last 25 years there has only been one strong change in materials employed in buildings, brought 
about by the approval of the CTE. This law became effective on March 17, 2006 for new residential 
projects, and therefore, the first real estate including the new, more energy efficient materials were built 
starting in 2007.  
The changes in construction methods have caused about a 50% decrease in primary energy 
consumption and overall CO2 emissions. This shows that although the original economic investment is 
higher due to the use of more energy efficient materials and systems, energy (electricity and gas) 
consumption during its useful life is much lower, resulting in an economic savings and making the 
building more energy sustainable.  
To considerably improve the real energy efficiency in housing in Climate Zone A4 and reduce the 
uncertainty in the results of the computer programs used in Spain for calculating energy efficiency, a 
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detailed study should be made of electricity, water and gas invoicing, in addition to the construction 
components and systems employed, so they can be incorporated in the programs’ calculations.  
The results presented in this article are preliminary and will serve as the basis for later studies related 
to calculation of the economic costs of improvements in construction methods, measures to be considered 
to improve energy ratings by at least one or two letters in the buildings in the study zone, the calculation 
of amortization periods of the implementation of these measures, and so forth. 
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